ABSTRACT. Finishing precocity visual score selection was adopted to estimate the time from birth to reach slaughter age. This study estimated (co)variance components and genetic correlations for the finishing precocity score at weaning (WP) and yearling (YP) stages by using daily weight gain (BWG = from birth to weaning; WYG = from weaning to yearling) and speed of weight gain (BWR = from birth to weaning; WYR = from weaning to yearling) as support for a genetic evaluation program for Angus beef cattle. Genetic parameters were estimated using Bayesian inference, considering multi-trait analysis and assuming a nonlinear model for WP and YP and linear model for The selection response for the finishing precocity score at weaning and yearling ages would be low. Selection to increase WP and YP should result in favorable genetic changes in daily weight gains as a correlated response. Therefore, to obtain animals suited for beef cattle production systems, finishing precocity score and growth traits should be considered as selection criteria.
INTRODUCTION
In beef cattle, growth traits measurements at standard ages have been used as selection criteria to improve animal growth during certain periods. However, weights or weight gains at certain ages are insufficient to evaluate animal yield and carcass quality at the time of slaughter. One way to measure the finishing precocity is the attribution of visual scores, which are easy to obtain. This score considers subcutaneous fat deposition and permits the evaluation of early or late finishing. In general, finishing precocity scores have medium to high heritability (Cardoso et al., 2001; Weber et al., 2009a; Boligon and Albuquerque, 2010) , indicating the possibility of obtaining genetic gain by selection. Nonetheless, few studies have estimated the genetic correlations between the finishing precocity and other traits of interest.
The choice of the selection method and the genetic progress depends on the knowledge of genetic parameters, such as heritability and genetic correlations in populations (Cardoso et al., 2001 ). Thus, genetic association studies of the finishing precocity and growth traits will provide details that contribute to better planning of the objectives and selection criteria to be used in commercial beef cattle herds to identify genotypes that are better suited to the farming system.
In the genetic evaluation of visual scores, data do not show a normal distribution. According to Marcondes et al. (2005) , threshold models should be used for categorical traits because they detect genetic variability easier when compared to linear models. Thus, the use of methodologies to obtain genetic correlations between categorical (visual scores) and continuous (weights or weight gain) traits through multi-trait analyses using Bayesian inference is recommended.
The objective of this study was to estimate heritability and genetic associations of the finishing precocity score at weaning and yearling stages by using daily weight gain from birth to weaning, daily weight gain from weaning to yearling, speed of weight gain from birth to weaning, and speed of weight gain from weaning to yearling to provide support for a genetic evaluation program for Angus beef cattle.
MATERIAL AND METHODS

Data editing and contemporary groups
Data were collected routinely by the Beef Cattle Improvement Program (PROMEBO) of the National Association of Breeders: Herd Book Collares (ANC). Records of finishing precocity visual scores and weight at weaning and yearling were considered. Animals without a birth weight measure and/or uncertain paternity were excluded. For all traits, records of 13,852 Angus breed animals, progenies of 382 sires and 9424 cows, born between 1994 and 2009 were used. The relationship matrix consisted of 22,290 animals. The traits evaluated were as follows: finishing precocity score at weaning (WP) and at yearling (YP), average daily weight gain from birth to weaning (BWG) and from weaning to yearling (WYG) and weight gain rate from birth to weaning (BWR) and from weaning to yearling (WYR).
Score evaluation was performed visually, and the animals were scored from one to five. The finishing precocity evaluates the ability of an animal to reach a minimum carcass finishing, with not necessarily high weights. Animals with good depth of ribs and with subcutaneous fat deposits in certain regions of the body receive higher scores. Thus, in each group, the median animals for each trait are used as comparison and receive the score three. In the dataset, 2.5, 15.5, 38.9, 31.8, and 11.3% of animals received WP scores of 1, 2, 3, 4, and 5, respectively, and 2.7, 14.9, 38.1, 32.7, and 11.6% of animals received YP scores of 1, 2, 3, 4, and 5, respectively.
The BWG was obtained by dividing the weight gain in the period until weaning and the age of the animal at the time of weighing using the following equation: BWG = (WW -BW) / WA, in which WW = weaning weight, BW = birth weight, and WA = weaning age. Likewise, WYG was obtained using the ratio between the gain in the period and the number of days between weighing at weaning and at yearling by the following equation: WYG = (YW -WW) / (YA -WA), in which YW = yearling weight and YA= yearling age.
To express the growth rate, the BWR and WYR variables were created. The BWR trait was established considering one animal with a birth weight of about 30 kg and a weaning weight of 190 kg. Thus, this animal had to be able to gain 160 kg during this period. In the same way, the WYR variable was established to foresee an animal that would quickly reach a yearling weight of 330 kg to be finished in confinement. This animal would need to gain 140 kg post-weaning, considering a weaning weight of 190 kg. Higher scores were attributed to animals with higher precocity than the less precocious animals. The equations were as follows: BWR = 1000 / (160 / BWG) and WYR = 1000 / (140 / WYG). This variable presented a normal distribution with values between one (less precocious animal) and 12 (more precocious animal). The birth, weaning, and yearling seasons were divided into four classes: January to March, April to June, July to September, and October to December.
For WP, the systematic effects of the weaning contemporary group (WCG) (farm + sex + birth year + birth season + management group + weaning season) and the linear and quadratic covariates of animal age at measurement and age of dam at calving were consid-ered. For YP, the systematic effects of the yearling contemporary group (YCG) (farm + sex + birth season + management group + weaning season + yearling season) and animal age at measurement, as a covariate (linear and quadratic effects), were considered. For BWG and BWR, the systematic effects of WCG and age of dam at calving (AC), as a covariate (linear and quadratic effects), were considered. For WYG and WYR, YCG was considered as a systematic effect.
For all traits, contemporary groups with less than 10 information and sires with less than 10 progenies were excluded. Animals with weights of 3.5 standard deviations above or below the average of their contemporary group were also excluded. Table 1 shows a summary of the final data structure.
Heritabilities and genetic correlations
Heritabilities and genetic correlations were estimated using the Bayesian method in two multi-trait analyses considering evaluations at weaning and at yearling using an animal model. The first multi-trait analysis included the variables WP, YP, BWG, and WYG, and the second included WP, YP, BWR, and WYR.
The animal model included direct additive genetic, maternal genetic (for traits obtained at weaning), and residual effects as random. The systematic effects varied according to the trait being considered.
The general models can be represented using y = Xβ + Za + Wm + ε, where y is the vector of observations for each trait (WP, YP, BWG, WYG, BWR, and WYR), X is the incidence matrix of the systematic effects (WCG, YCG, and AC), β is the vector of systematic effects, Z is the incidence matrix of the direct additive genetic effect of each animal, a is the vector of the direct additive genetic effect, W is the incidence matrix of the maternal genetic effect, m is the vector of the maternal genetic effect, and ε is the vector of the random residual effects.
Random genetic maternal effects were only included in the model for weaning traits; hence, the matrix W and the vector m were absent in the models of the measured traits after weaning. The maternal permanent environment effect was not included in the model because of the reduced number of offspring per dam (1.47).
Two multi-trait analyses were performed with categorical and continuous variables. According to the Bayesian approach, the vectors β, a, and m are location parameters of a con- WP = finishing precocity score at weaning; YP = finishing precocity score at yearling; BWG = average daily weight gain from birth to weaning; WYG = average daily weight gain from weaning to yearling; BWR = speed of weight gain from birth to weaning; and WYR = speed of weight gain from weaning to yearling.
ditional distribution y | β, a, m. In the mixed model used, β is considered the vector of solutions for the systemic effects; however, from the Bayesian point of view, it is a vector of random effects in which the initial distribution values have uninformative priors, so they do not provide much information about the parameter and, therefore, have a uniform probability distribution. This kind of probability distribution indicates the same probability of occurrence of each of the possible variable values. Inverted Wishart distributions were assigned to the other components. The distribution of y, given the parameters of location and scale, was considered as
To obtain independent or uncorrelated samples, it is necessary to eliminate results of intermediate cycles of the sample chain. The sampling interval is called interval of sampling usage and must be sufficient for the samples used do not be correlated (Faria et al., 2007) . The period of disposal and the interval of sampling use were carried out in accordance with the Raftery and Lewis (1992) test using the Bayesian Output Analysis packet of the R software, version 2.10.1 (Smith, 2007) .
The combination of the traits in the threshold-linear model was performed with the THRGIBBSF90 computer program (Misztal et al., 2008) , which allows the study of categorical and continuous traits in the same analysis. In this study, a chain of 600,000 cycles and burn-in period of 100,000 cycles was implemented. In this first step, samples were taken every 40 cycles to avoid the generated file being very large.
Convergence criteria
The process of resampling was performed using POSTGIBBSF90 (Misztal et al., 2008) . In this step, 100,000 initial samples were discarded, the interval of sampling usage was of 120, and 4167 samples were obtained to perform the inference. These samples of (co)variances were edited to calculate the heritability estimates and genetic correlations for the traits evaluated.
The file generated was submitted to analyses by the GIBANAL program (Van Kaam, 1998) to diagnose the convergence of the chain and to obtain the effective number of samples, the joint a posteriori densities, and the descriptive statistics. The convergence of the Markov chain was verified through the criteria of Heidelberger and Welch (1983) , and the criterion of Geweke (1992) was used to verify the columns that represent the values of the variances of the traits.
RESULTS AND DISCUSSION
The Monte Carlo error for heritability estimates was very small in all analyses, indicating that the size of the Gibbs chain was sufficient to obtain accurate a posteriori means estimates (Tables 2, 3 , and 4).
The a posteriori direct heritability means of all traits obtained at weaning and yearling were low in magnitude and ranged from 0.15 to 0.19 (Table 2 ). The maternal heritability means ranged from 0.09 to 0.18. For the maternal genetic effect, except WP, which showed a low value, estimates of heritability were of moderate magnitude and very close to the values obtained for the direct effect. These results indicated the importance of including this effect D.M. Everling et al.
for traits measured at weaning and that the selection for cows with greater maternal ability will promote genetic improvements regarding growth traits in this phase. Therefore, it should be considered in this breed genetic evaluation. Weber et al. (2009a) obtained lower heritability estimates for visual scores of weaning precocity, both for the direct (0.12) and maternal (0.08) effects when they evaluated data from an Angus population that was established in Rio Grande do Sul. Similar values were obtained for precocity scores (0.16) by Costa et al. (2008) with Brangus cattle; however, these authors did not include the maternal effect in the analyses. Interestingly, these authors used the restricted maximum likelihood method, and, according to Resende et al. (2001) , the results tend to be very similar using both approaches when initial priors are considered to add little information in the use of Bayesian inference, which was used in this study. Using Bayesian inference, Araujo et al. (2010) estimated the heritability for the weaning precocity trait, which was similar (0.16 for direct effect and 0.09 for maternal effect) to those found in this study.
Heritability estimates for BWG and BWR were very close ( Table 2 ), indicating that if there was direct selection for either of these traits, the genetic gain with the passage of generations should also be similar. Likewise, at yearling, the WYG and WYR traits had very close heritability estimates. Table 2 . Heritability estimates for finishing precocity scores and growth traits in Angus cattle. = maternal heritability; CI = confidence interval; MCE = Monte Carlo error; WP = precocity score at weaning; BWG = average daily weight gain from birth to weaning; BWR = speed of weight gain from birth to weaning; YP = precocity at yearling; WYG = average daily weight gain from weaning to yearling, and WYR = speed of weight gain from weaning to yearling.
In general, the finishing precocity score at yearling showed a low-magnitude heritability compared to that of studies using Nellore cattle and the restricted maximum likelihood method (Koury Filho et al., 2009 ) and Bayesian inference (Pires et al., 2010; Boligon and Albuquerque, 2010; Boligon et al., 2011) . However, low heritability estimates for finishing precocity scores at yearling were observed in a study of Angus cattle that was carried out by Weber (2009b) using a different analysis method. This suggested that the additive genetic variability was reduced relative to the total variance of this trait, which resulted in low heritability estimates in this population.
The genetic correlation that was estimated between finishing precocity scores in the two phases was positive and moderate (0.61), indicating that the selection for finishing precocity at weaning can be conducted successfully with a favorable response also at yearling. This result was expected because the finishing precocity at weaning contained the yearling evaluation; it was not possible to separate the evaluation at weaning from that at yearling, but it was possible to separate the weight trait because the weight gain can be determined at each stage of evaluation.
When studying the genetic associations between the finishing precocity score and the other traits, YP presented a positive genetic correlation with the maternal effect for all growth traits at weaning (0.31 to 0.39). However, the genetic correlation between WP and the maternal effect was negative, and that between WP and growth traits, although positive, was very low, mainly at yearling (Tables 3 and 4) . Cardoso et al. (2004) estimated a genetic correlation of 0.60 between weight gains that were adjusted for 205 days and finishing precocity scores at yearling. According to the results obtained, when considering both production phases that were evaluated, it is preferable to select the precocity at yearling because favorable responses also occurred for the maternal effect, which has great importance for the traits that were evaluated until weaning. Although Cardoso et al. (2004) recommended the use of visual scores in only one phase of the animal's life, giving preference to the weaning phase, the low genetic association between scores at this stage and growth traits at yearling should be further investigated, because the genetic association with average daily gain or speed of gain was negative. Thus, an unfavorable correlated response is expected for the maternal effect for the traits of average daily gain, gain speed, and finishing precocity. The selection of YP should promote a favorable response for both the maternal effect and the direct effect for all traits at weaning and at D.M. Everling et al.
yearling stages.
For Nellore cattle, Koury Filho et al. (2010) reported a genetic correlation between weight at weaning and finishing precocity at weaning of 0.97. Araujo et al. (2010) and Costa et al. (2008) showed genetic correlations between precocity scores of 0.47 and 0.65 for weight and weight gain from birth to weaning, respectively, in Angus Nellore crossbred bovines. When considering the phases separately, independent of the growth trait to be selected, there will be a positive correlated response for the scores because these correlations between the direct effects do not vary much at weaning nor at yearling.
The genetic correlations between WP and growth traits at weaning were very similar, indicating that if the selection is targeted for BWG or BWR, the same correlate response should be expected for precocity scores because both have a very similar heritability. Because of the great economic relevance of precocity trait indicators, studies regarding the association between scores and less subjective traits measured in different phases of the animal's life should be carried out.
CONCLUSION
The selection response for finishing precocity scores evaluated at weaning and yearling would be low. The selection for precocity scores may be more effective if applied at yearling because of the higher heritability and positive correlations with the maternal effect for growth traits at weaning. The selection for increased WP and YP should result in favorable genetic changes in daily weight gains as a correlated response. Therefore, to obtain animals suited to beef cattle production systems, finishing precocity scores and growth traits should be considered as selection criteria.
